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Neutrino Mass Hierarchy

Start to explore leptonic CP violation
0,5 Octant

v, disappearance

De

Precision Am?, 6,, measurement
sign
High power NuMI beam
Low-Z tracking calorimeters

» Excellent electron reconstruction, muon energy resolution
Off-axis location Fermilab

» Suppress neutral current interactions at higher energies
14 kt far detector, 293 ton near detector, 810 km baseline .
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v, appearance sensitivities

P(\7e) vs. P(v,) for sin2(2623) =0.97
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Far Detector Unoscillated Interaction Rates o,
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Detector Technology

APD Module

« Low-Z tracking Calorimeter

— PVC Cell Structure

Plane of vertical cells

"ﬁ i Plane of horizontal cells
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NOvVA Project

Secretary of Energy’s Award of Excellence
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Secretary’s Award of Excellence
Pssnd®

The Office of Science's Numi Off-axis electron
neutrino (ve) Appearance (NOvA) Project

The NOVA project team sucomshlly constructed the nation's premier
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>

The NOvVA Collaboration s

38 Institutions from the U.S., India, Czech Republic, Russia, Brazil, and the U.K.
170 Physicists / 38 Post-docs / 51 students

D
NiEEEI W

L T o R B\ W

e

= Fermilab

7 Peter Shanahan | NOvA Status 6/23/15



Near Detector

Muon
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east —

=
=
O

=200 &

—-1600 —1400

NOVA - FNAL E929

Run: 11005/0

Event: 67329 / --

UTC Mon Jun 22, 2015
16:09:25.223611264
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Far Detector

14kt, 344064 cells,10752 APDs

NOvA - FNAL E929

Run: 19005 /60
Event: 883625 / DDenergy

UTC Sat Feb 28, 2015
02:17:42.238010384
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Data-driven trigger multimuon event
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Far Detector

NOVA - FNAL E929
Run: 18299/ 31

Event: 351101 / --

UTC Sun Nov 30, 2014
20:31:0.169734736
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DCMO1
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DCMO03

DCMO04

DCMO05

DCMo06

DCMO7

DCMO08

DCMO09

DCM10

DCM11

DCM12

Far Detector Operations Py
FEB Hit Rates (past 24 hrs.) - partition 1
DB14 DB13 DB12 DB11 DB10 DB09 DB08 DB07 DB06 DB05 DB04 DB03 DB02 DBO1
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i _
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Last updated on: Sun May 3 21:20:31 2015 (central time)
Last run /subrun: 19495 /12 Online-measured hit rate on 10,752 APDs
Very uniform, quite, efficient detector:
typically<100 Hz/cell, 99.6% of channels good e ]
3¢ Fermilab
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Far Detector Operations

70
“TDR. 420 kW running routine in
;00 (e last few months
Year

] ~

é Data taking
2 40 during construction
o \
@ * | First Neutrino
o  Observed
10
0
& X X X e N TN
RN MMM

2014 accelerator shutdown:
Retrofit of 2300 APDs, 2700 heat
sink assemblies

2015 shutdown:

Improvements to computer cooling at Ash River
DAQ stability improvements

Minor detector work
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Delivered

Recorded

v

<——Beam-weighted uptime 95.5%

since 2014 shutdown

Events / (12 us)

Timing of events passing basic neutrino selection

NOvA Prellmlnary

Data (basic
monitoring selection)

14 KT post-shutdown data
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| |
| |
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NOvVA Operations

Experimental Operations Plan

Has been signed

Main Control Room

Neutrino Division
Gina Rameika

Accelerator Division

Spokespersons Sergei Nagaitsev
Messier / Shanahan
Underground areas
Bill Lee Computing Division
Rob Roser
, Operations manager
R dinat
Jarosiay Zalesak Rob Plunkett NOVA Far Detector
Laboratory Operations
Peter Shanahan
Detector Operations Data quality Far detector Near detector
Infrastructure Jim Musser / Louise Suter Bill Miller Louise Suter
Leon Muzalem
NOVA
Detector Monitoring and .
n dgf;\lo Controls Leg en d . .
e Athans Hatzikouteis F I b
ermiia
JEt 1
3¢ Fermilab
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NOvA Analysis Organization

14

Institutional board
Tricia Vahle (Chair)

Spokespeople
Messier / Shanahan

Executive committee

o~ |
. . Calibration and Computing Physics analysis coordinator
Detector Operations DAatz; Dnve,\;] Tngge;s alignment Craig Group Ryan Patterson
Jaroslav Zalesak / Rob Plunkett ”Mrervt‘f gmi” Tom Coan / Brian Fermilab CS Liaison
artin Fran Rebel Andrew Norman
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Software releases and
production
Matthew Tamsett

Database coordinator
Jon Paley

Detector simulation
Jim Musser / Alex Sousa

Beam data and simulation
Alexander Radovic / Bob Zwaska

Analysis and
Analysis-related

.

/ Raphael Schroeter

Reconstruction
Chris Backhouse

nue and NC
Mayly Sanchez / Tricia Vahle

numu CC
Jon Paley / Greg Pawloski

Exotics
Craig Dukes / Alex Habig

I ND Physics

Peter Shanahan / Mat Muether

v

v
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Analysis status

15

v, and v, analyses are in progress

First results are anticipated in the coming months
Blind analyses

* No examination of neutrino energy, particle 1Ds for in-time beam
events in Far Detector

Not blind |
— Near Detector beam data [

— Qut-of-time Far Detector
cosmic data

— High energy tail in Far
Detector beam data

Eile Edit Uindow Help
[ <= Previous| Next, == x| Reload] | - [RunvEvent 1=[1920¢ _ [66610 5ol Print
[Slicel=[n/A /0

Blices: 1 I Slice-by-slice
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Data Processing Sy

Computational Hours [Millions]

Cumulative Hours Spent on Jobs By VO
379 Days from Week 22 of 2014 to Week 24 of 2015
T T T T T T T
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- Detector data
* 14x10% NuMI beam spills

« 203x108 periodic cosmic
triggers

Jul Sep Nov Jan Mar

M nova (18.562.2523)014 2014 2014 Tln’%gj-s 2015 20]5 - M O nte Carl O

Transfer Volume [TB]

16

Total: 18,562,253 Hours, Average Rate: 0.57 Hours/s
53 Weeks from Week 24 of 2014 to Week 24 of 2015
T T T T T T

3000

2500F

2000r

1500F

1000F

« 65x10° beam spills
— near and far detectors

« 1.8x10° cosmic ray triggers
— 18.5x10° CPU hours in 2014

500

0 jul Sép Nlov Jc;n " Mar M.ay
2014 2014 2014 L2015 2015 2015
LN Time
Maximum: 2,851,139 GB, Minimum: 411,844 GB, Average: 1,318,154 GB, Current: 1,954,828 GB
JE H
af Fermilab
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: N
Cosmic Rays e
NOvVA Preliminary
» High statistics cosmic ray 1OE\\ ;
sample from Far Detector 10° N :
— Calibration §105;E —CRYMonteCarIo,AIITracksa;
. = B ]
— Check detector modeling 10 ‘ E
10°F (LYY N
E LRI
i0h A
NOvA Prellmlnary 0 2000 4000 6000 8000 1000012000

Track Length (cm)

T \[IIIII| I

} Far Detector Data

Cosmic Simulation

— Benchmark electron
«— particle ID algorithms for
cosmic background

— Benchmark for signal
using cosmic
bremsstrahlung sample

2= Fermilab
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Cosmic-ray induced shower s o
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Cosmic-ray induced shower with muon removed s
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Cosmic Bremsstrahlung .

Electron Particle ID for cosmic
bremsstrahlung showers

3
>_<1IO 1 I 1 1 1 1 I 1 I I I " 1 |
200—_ —+— Muon-Removed FD Data -
B Cosmic Simulation ]
150 Area Normalized —
()] — |
s L ’ Data-driven check on
(L 100~ . f fel
- i performance of electron
} : identification algorithms
50/ .
0l Seeasssevied
0 0.5 1
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_ _ N
Pi-zeros in Near Detector AT

« NC =° production is important background to v, appearance
« ¥ mass provides a useful calibration check
« Select events with 2 contained showers with common vertex

= m§0=2Ey1 E\/Z(’I -Cos(ey’lyZ))

1600
z (cm)

NOvVA - FNAL E929

z
Run: 10391 10 10
189753 /

UTC Sat Aug 23, 2014
07:11:53.580178880 l'L ) q (ADC)
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Near Detector nt° results

300

100

22

II|IIII|IIII|III

NOvVA Preliminary

—o- Data
— MC signal
— MC bkgd

Data Mean: 134.20 + 1.85
MC Mean: 136.25 + 0.60

Peter Shanahan | NOvA Status

Relatively normalized
distributions show
good data-MC
agreement in xt°
reconstruction
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v, Prediction for Far Detector Event Rates ey
LID: Shower-shape likelihood-based classifier

NOVA Preliminary NOvVA Preliminary
105 T T T T T [ T T T T | T ? 102 E ' ' ' ! ! | ' ! ! ' | ! ! E
] E ——— Osc. v_CC Signal E
... ' —

- 10* E — I :
O E O 10 . Total Beam Background | -
o ] Q. - @ ; ]
2 16 3 & B —@— Cosmic Background X ]
o 3 S -
&L 107 E C>’<’ 1E 3
. ! 3 ~ F E
< : - ~ i
E 10 —e— ND Data ' = 2 : i

< —— MCNC ; = =
2 ——MC v, CC : - S107' —
w1 —— MC Beam v, ' 3 Ll - 3
Total Beam MC ' 3 [~ 7
Flux+Stat. uncertainty ' - . .
107! | | N E |—
L L 1 1 L L L Il 10—2 L 1 L I
0 0.5 1 0 0.5 1
LID v LID

Data-MC comparison in Near Detector Far Detector Prediction:

Extrapolation of beam background and signal,
measurement of cosmic background

2= Fermilab
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First Analysis

AV

» Data set through Mar. 14, 2015
— 1.9x102° POT — 14 KT equivalent exposure

* Preliminary expected yields
— v, appearance

Assuming d-p=0, no matter effect, sin?(26,;)=0.095
Maximal 23 mixing,
Unknowns can change signal by +/- 60%

Osc. v, Total BG | v,CC NC Beam v, | Cosmic
CcC Background
Signal
LID 3.25 1.02 0.05 0.32 0.33 0.29
LEM 3.48 1.14 0.05 0.41 0.36 0.29
— v, disappearance
v, CC Total BG Cosmic NC
Signal Background | Background
Final 23.7 1.6 0.3 1.3
Selection
aF Fermilab
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Non-oscillation Physics Analyses e

* Near Detector Physics Group
— Founded in January 2015
— Cross sections, flux constraints

* EXxotics Group 5ms of 2 seconds continuous data from SNEWS test trigger
— Dark Sector = :
searches !
— Supernova [
neutrino 2
triggering
— Magnetic
Monopoles

2= Fermilab
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Summary

26

NOVA will soon complete its first year of operations
— Good data quality and detector uptimes
— Recent progress on beam power
« 420 kW with 2+6 slip stacking is very encouraging
« We look forward to design power of 700 kW early in CY16
NOVA has embarked on a rich physics program
— v, appearance
— v, disappearance
— neutrino interactions
— exotic physics
NOVA is pushing on 18t oscillation analyses
— ~1/3 nominal “TDR year”

2= Fermilab
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Backup Slides
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Near Detector

28

Pre-oscillation reference

— Cross section, flux,
acceptance uncertainties

— Neutrino interaction physics

Peter Shanahan | NOvA Status

« 300t, 631 APDs
— Includes muon catcher

— Multiple neutrino
interactions/beam spill,
every 1.33 seconds

* Fermilab NuMI
Underground Area

2= Fermilab
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Near Detector Operations

* Near Detector beam-weighted

29

1E+19 Protons

uptime >96% in FY15
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NuMI Time Distribution for All Hits (past 7 days) - partition 1
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N

Far Detector it
* 14 kt, 344,064 cells, 10752 APDs
« Commissioning finished in
August 2014,
* Ash River, Minnesota
— 810 km baseline

2= Fermilab
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v, hominal TDR year

Survival

=
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o
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— ND extrapolated spectrum

— FD oscillated spectrum
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Reconstructed Energy ZGeV)
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— Cosmic data
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Cosmic Rejection BDT

Cosmic background rejection

benchmarked to data
20M:1 for v,
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v, Prediction for Far Detector Event Rates

NOvA Preliminary
T T T3

ET ™~~~ T 1" I T E
- —e— ND Data 3
10° L —— MCNC i
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e F -
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NOvVA Preliminary
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o
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e SRR VLN
NOvVA Preliminary
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Far Detector Prediction:
Extrapolation of beam background
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Favorable case
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1 and 2 ¢ Contours for Starred Point

Contours 3yrvand 3yrv NOvVA
|am,2) = 2.32 107 eV?

sin’(26,,) = 0.095

sin?(26,,) = 0.97
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Mass Hierarchy — NOVA Alone e,

v
NOvVA hierarchy resolution
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Significance of hierarchy resolution (c)
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Mass Hierarchy — NOVA + T2K* o

NOvA+T2K hierarchy resolution 36x10%° POT NOVA
sin°26,,=0.095, sin“26,.=1.00 + 7x102' POT T2K
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* T2K input based on scaling numbers shown at Neutrino 2012
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CP Violation — NOvVA Alone

significance of CP violation (c)
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Fraction of §,

NOvA CPV determination
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CP Violation — NOvVA + T2K*

NOvVA+T2K CPV determination 36x10%° POT NOVA
sin°26,,=0.095, sin“26,.=1.00 + 7x102' POT T2K
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NOvA+T2K CPV determination 36x10%° POT NOVA
1sin22613=0.095, sin“26,,=1.00 + 7x102' POT T2K
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0,53 Octant Sensitivity s

NOVA octant determination
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Forward Horn Current Beam Composition

NOvA Preliminary
> 10F T3
g F —Total 3

- : Y ]
3 Far Detector —*
3 | RO
IC—) E _ve"'ve E
X o .
107
(@) =
o u
o [
P
W10 _
O Q
(3 l i FLUKAO08
103 e e .
0 5 E (GeV) 15
[1,3]GeV [0,120]Gev
Total 63.5 103.8
v, 62.1 97.6
v, 1.0 3.9
v _FV, 0.4 2.3
[1,3]GeV: _Vu/Vu = 1.6%
[1,3]1GeV: (Ve'l'Ve)/Vu = 0.0%
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10° v CC / 6E20 POT / KTON / 50 MeV
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NOvA Preliminary
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(- \Near-Detector .
0 5 E (GeV) 15
x 106 [1,3]GeV [0,120]Gev
Total 53.9 95.0
v, 52.6 89.5
Vv, 0.9 3.5
v TV, 0.4 2.0
[1,31Gev: "V, /V, = 1.7%
[1,3]1GeV: (V V) /V, = 0.7%
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Reverse Horn Current
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[1,3]1GeV: V , 7V, = 10%

[1,3]1GevV: (V. V) /V, = 0.8%
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10° v CC / 6E20 POT / KTON / 50 MeV
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